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Figure 1. Beta diversity among Antarctic and Mediterranean locations, inferred through 
DNA sequences retrieved from sponge tissues.
Maps identifying the sample locations from (A) Antarctica and (B) the Mediterranean Sea. (C) Mul-
tidimensional scaling plot of the samples based on Jaccard’s distances. Some of the organisms 
identifi ed to the species level at 98% sequence identity are (D) the Weddell seal (Leptonychotes 
weddellii), and (E) chinstrap penguin (Pygoscelis antarcticus) from Antarctica; and (F) rock goby 
(Gobius paganellus) from the Mediterranean. Images from Wikimedia Commons: Gotdot13 (D), 
Gregory “Slobirdr” Smith (E), Roberto Pillon (F). At a time of unprecedented impacts 
on marine biodiversity, scientists are 
rapidly becoming persuaded by the 
potential of screening large swathes 
of the oceans through the retrieval, 
amplifi cation and sequencing of trace 
DNA fragments left behind by marine 
organisms; an approach known as 
‘environmental DNA’ (eDNA) [1]. In trying 
to circumvent the many challenges 
associated with water fi ltration and 
DNA isolation from environmental 
samples, signifi cant investment is being 
made in high-tech solutions, such as 
automated underwater vehicles and 
robots [2]. Here, instead, we explored 
a simpler, alternative option, based on 
the recovery of eDNA from sponges 
(phylum Porifera), the planet’s most 
effective water-fi lterers. We obtained 
sponge samples from Mediterranean 
and Antarctic surveys, extracted total 
DNA from their tissues, and obtained 
tens of thousands of fi sh DNA reads 
via metabarcoding, which were able to 
clearly distinguish samples from the two 
regions. One Antarctic sample yielded 
hundreds of reads from chinstrap 
penguin (Pygoscelis antarcticus) and 
Weddell seal (Leptonychotes weddellii). 
We argue that this ‘natural sampler 
DNA’ (nsDNA) approach is poised 
to become a powerful, affordable, 
universal tool for aquatic biodiversity 
monitoring globally.
In just a few years, eDNA 
metabarcoding has surged as a novel, 
revolutionary approach to biodiversity 
monitoring [3], and despite the caveats 
and unknowns inherent to every new 
method [4], overwhelming evidence 
indicates greater speed and effi cacy 
in taxon detection, compared with 
traditional ‘catch-and-see’ techniques 
[5]. Most recently, researchers are 
turning to automation and robotics [2] 
in the attempt to streamline fi ltration, 
DNA isolation and detection, and to 
screen larger volumes of water, which is 
paramount in large ecosystems like the Current B
This is anocean. Nevertheless, these systems are 
expensive to build and run, they cannot 
be easily deployed in every habitat, and 
are often designed to monitor a narrow 
range of taxa.
At the other end of the spectrum 
lies an attractive, low-tech solution, 
based on organisms that are naturally 
predisposed to fi lter water far more 
effectively than any artifi cial device. 
Sponges can sift through up to 10,000 
litres of water in one day [6] — that 
is about 1000-fold the sampling 
effort normally achieved through 
current rosette-based sampling in 
marine habitats. The sponge tissue 
naturally traps and concentrates the 
particles from which environmental 
DNA is isolated, effectively acting as a 
natural fi lter. We hypothesized that by 
extracting DNA from sponge samples 
and subjecting it to metabarcoding 
for a fi sh-specifi c 12S mtDNA marker 
[7], we would be able to recover iology 29, R395–R402, June 3, 2019 © 2019 T
 open access article under the CC BY license (signifi cant biodiversity information 
on the vertebrate faunal assemblage 
of the areas where the sponges were 
collected.
Five Antarctic and four Mediterranean 
sponge samples (Figure 1A,B and 
Supplemental Information) — which 
were originally sampled for purposes 
other than eDNA research [8] — were 
pooled alongside 63 samples from an 
unrelated environmental DNA project, in 
a 12S amplicon library, and sequenced 
in parallel. The nine samples yielded 
246,910 reads (around 0.02% of the 
total run), and recovered at least 31 
metazoan taxa, of which 22 could be 
identifi ed at least to the Family level 
or below (Supplemental Information). 
These comprised fi ve typically Antarctic 
Notothenioid species, including 
black rockcod (Notothenia coriiceps), 
emerald rockcod (Trematomus 
bernacchii) and Antarctic toothfi sh 
(Dissostichus mawsoni), as well as he Authors. Published by Elsevier Ltd. R401
http://creativecommons.org/licenses/by/4.0/).
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as Carangidae, Serranidae, Clupeidae 
and Sparidae (Data S1). After fi ltering, 
two samples from the Mediterranean 
could not be retained for analysis as 
too few reads/MOTUs passed our 
fi ltering criteria (Table S1). In no case 
was sponge DNA amplifi ed, and taxon 
assemblages clearly separated the two 
biogeographic regions (PERMANOVA 
F=2.28, p=0.04; Figure 1C). Although 
the DNA marker used has been 
designed to amplify fi sh DNA, it is 
known to also detect other vertebrates: 
the 1,951 reads of chinstrap penguin 
and the 344 reads belonging to 
Weddell seal, recovered from Half 
Moon Island (sample A.HMI, which is in 
proximity of a large chinstrap penguin 
breeding colony), indicate that, with 
some optimisation, this method has 
the potential to also be employed in 
the detection of marine mammals and 
sea birds of conservation concern. 
Interestingly, additional ‘bonus’ fi ndings 
of the screening (especially in the 
Antarctic samples; Data S1) included 
at least seven species of sea stars 
(Echinodermata: Asteroidea), from two 
orders, of which one was identifi ed 
to the species level, Perknaster 
aurantiacus, a typical inhabitant of 
South Atlantic polar benthic habitats.
There are some analogies between 
this approach and previous attempts 
to obtain important biodiversity 
data from the feeding mode of 
other invertebrates, such as the 
detection of rare mammals from 
DNA extracted from leeches [9], and 
the reconstruction of estuarine fi sh 
communities based on DNA isolated 
from shrimp stomach contents [10]. 
Yet, hematophagous invertebrates 
are relatively specialised and can 
only be employed over a narrow 
range of habitats and taxa — benthic 
scavengers, as generalist as they may 
be, will also exhibit some selectivity for 
their food sources. 
On the other hand, simple, sessile, 
fi lter-feeding organisms such as 
sponges represent the ideal ‘natural 
sampler’ for aquatic biodiversity. Their 
early-splitting phylogenetic position 
means that their DNA is not amplifi ed 
when targeting most metazoan groups, 
especially vertebrates; their water-
fi ltering effi ciency is unparalleled; 
environmental impacts associated with 
their collection is minimal; and their R402 Current Biology 29, R395–R402, June ubiquitous, sessile and regenerating 
nature makes them easy to sample 
non-lethally in virtually every aquatic 
habitat.
The advent of high throughput 
DNA-based assessment and discovery 
of biodiversity is revolutionising, 
bolstering and standardising the way 
we study whole ecosystems. While 
contributions from engineering will 
doubtless continue to improve marine 
exploration, advances in ocean 
monitoring and conservation will also 
greatly depend on the availability 
of large amounts of inexpensive, 
standardised and tractable samples 
from across the world. 
It should be stressed that the data 
presented here were generated from 
opportunistic samples: the Chondrosia 
reniformis specimen from Spain and 
the Tethya citrina sample from Naples 
were only available as DNA extractions 
from three and six years before this 
study, respectively, and generated 
poor sequencing data, which had to 
be later discarded. The laboratory 
protocols used were devised for 
artifi cially fi ltered water, without any 
attempt to optimise procedures for 
sponge tissue, and still, the majority 
of samples returned informative 
biodiversity data from the sampled 
areas. Necessary next efforts must 
go towards examining the infl uence 
of sponge phenotype, sponge mass/
volume excised, area sampled, and 
laboratory protocols on DNA yield and 
sequence information. Biodiversity 
data obtained through sponge nsDNA 
should then be directly compared with 
tried and tested eDNA data obtained 
from water samples. Eventually, 
we predict that after this phase of 
optimisation and validation, sponges 
will be well positioned to provide a 
practical, cost-effective, universal 
‘natural sampler DNA’ tool for marine 
biodiversity studies.SUPPLEMENTAL INFORMATION
Supplemental Information includes 
one fi gure, one table, one data fi le, 
experimental procedures and supplemental 
references, and can be found at https://doi.
org/10.1016/j.cub.2019.04.031.3ACKNOWLEDGEMENTS
This work is partially funded by UK NERC 
grant NE/N005759/1. We thank Katie Longo, , 2019Stephen Martin and three anonymous 
reviewers for insightful comments.
AUTHOR CONTRIBUTIONS
S.M. conceived the idea for the study 
and wrote the manuscript; A.R. provided 
samples and contributed to study design; 
G.C. conducted lab work; C.B. contributed 
to study design, oversaw lab activities and 
analysed the data.REFERENCES
 1. Thomsen, P.F., Kielgast, J., Iversen, L.L., 
Møller, P.R., Rasmussen, M., and Willerslev, E. 
(2012). Detection of a diverse marine fi sh 
fauna using environmental DNA from seawater 
samples. PLoS One 7, e41732.
 2. McQuillan, J.S., and Robidart, J.C. (2017). 
Molecular-biological sensing in aquatic 
environments: recent developments and 
emerging capabilities. Curr. Opin. Biotechnol. 
45, 43–50.
 3. Bohmann, K., Evans, A., Gilbert, M.P.T., 
Carvalho, G.R., Creer, S., Knapp, M., Yu, D.W., 
and de Bruyn, M. (2014). Environmental DNA 
for wildlife biology and biodiversity monitoring. 
Trends Ecol. Evol. 29, 358–367.
 4. Cristescu, M.E., and Hebert, P.D.N. (2018). 
Uses and misuses of environmental DNA in 
biodiversity science and conservation. Annu. 
Rev. Ecol. Evol. Syst. 49, 209–230.
 5. Boussarie, G., Bakker, J., Wangensteen, O.S., 
Mariani, S., Bonnin, L., Juhel, J.-B., Kiszka, J.J., 
Kulbicki, M., Manel, S., Robbins, W.D., et al. 
(2018). Environmental DNA illuminates the dark 
diversity of sharks. Sci. Adv. 4, eaap9661.
 6. Kahn, A.S., Yahel, G., Chu, J.W., Tunnicliffe, V., 
and Leys, S.P. (2015). Benthic grazing and 
carbon sequestration by deep-water glass 
sponge reefs. Limnol. Oceanogr. 60, 78–88.
 7. Miya, M., Sato, Y., Fukunaga, T., Sado, T., 
Poulsen, J.Y., Sato, K., Minamoto, T., 
Yamamoto, S., Yamanaka, H., and Araki, H. 
(2015). MiFish, a set of universal PCR primers 
for metabarcoding environmental DNA from 
fi shes: detection of more than 230 subtropical 
marine species. R. Soc. Open Sci. 2,150088.
 8. Riesgo, A., Pérez-Portela, R., Pita, L., 
Blasco, G., Erwin, P. M., and López-
Legentil, S. (2016). Population structure and 
connectivity in the Mediterranean sponge 
Ircinia fasciculata are affected by mass 
mortalities and hybridization. Heredity, 117, 
427.
 9. Schnell, I.B., Thomsen, P.F., Wilkinson, N., 
Rasmussen, M., Jensen, L.R.D., Willerslev, E., 
Bertelsen, M.F., Gilbert, M.T.P. (2012). 
Screening mammal biodiversity using DNA 
from leeches. Curr. Biol. 22, R262–R263.
 10. Siegenthaler, A., Wangensteen, O.S., Soto, A.Z., 
Benvenuto, C., Corrigan, L., and Mariani, S. 
(2018). Metabarcoding of shrimp stomach 
content: Harnessing a natural sampler for fi sh 
biodiversity monitoring. Mol. Ecol. Resour. 19, 
206–220.
